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From Individualized Treatment of Sickle Cell Pain to 
Precision Medicine: A 40-Year Journey
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Abstract

In the 1970s, sickle cell pain was treated with trial and error approach 
by increasing or decreasing the dose of an opioid or switching from 
one analgesic to another. This approach was controversial with criti-
cism and doubt about its usefulness. Since then, advances in deter-
mining the structure of opioid receptors and the role of the CYP450 
enzymes in metabolizing opioids revealed that these anatomic and 
metabolic findings are not the same in all persons, thus explaining the 
variability in response to opioids among patients. Thus, the “trial and 
error approach” has a scientific basis after all.
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Introduction

An infliction in the life expectancy figure of patients with sick-
le cell disease (SCD) occurred around the middle of the 1970s 
(Fig. 1). This minimal increase in life expectancy coincided 
with my appointment at Thomas Jefferson University as the 
Associate Director of the newly created adult sickle cell center. 
The number of adults at that time was small and the transition 
from pediatrics to adult programs was at the age of 18 years. 
The trickle of patients increased gradually and we were faced 
with adolescent and young adult African American patients 
who were in a state of confusion. Stripped from the protective 
sphere of the pediatric world and the empathy of their pediatric 
hematologists and the pediatric ancillary staff, they were in a 
state of fear, anxiety, depression and, worst of all, severe pain. 
The world of adults was abject, withdrawn, busy, and status 
oriented. The fact that most patients were barely educated, 
many without a high school degree, unemployed, mediocre 
health coverage, and dysfunctional family structure conferred 
a logarithmic dimension to the problem. Their main hope was 

to have pain relief.
The steady stream of admissions of patients with acute 

painful vaso-occlusive crises (VOCs) to the emergency depart-
ment (ED) and hospital were not welcome by most providers, 
hospital administration, the house and nursing staffs. There 
was subtle resentment of the patients that sometimes extended 
to the hematologists who showed compassion to the patients. 
Soon labels such as drug addicts, drug-seeking behavior, and 
hospital hopping and frequent flyer emerged.

Listening to and believing the patients and keeping de-
tailed records of ED and hospital admissions and the analge-
sics prescribed, revealed that most patients genuinely do not 
respond to a certain analgesic or a certain dose. Increasing the 
doses of an analgesic or switching to another drug solved the 
problem in most patients. Soon it became obvious that man-
agement of sickle cell pain should be individualized.

Accordingly and with the approval of the institutional re-
view board (IRB), I issued an identification wallet-sized, plas-
ticized card that was carried by patients and presented to the 
provider treating their VOC in the ED, hospital or any other 
medical facility. Information printed on both sides of the card 
included: 1) demographic data and a recent photograph; 2) he-
matological data including reticulocyte count; 3) medical data 
including the type of SCD, its complications and co-morbid-
ities if present; 4) all medications being taken by the patient 
and the recommended treatment of VOCs including the name, 
dose, and the route of administration of the analgesics in ques-
tion; and 5) my name and contact information for answering 
questions if needed. It was not expensive to issue these cards. 
A Polaroid camera available at that time and a laminator were 
the only equipments needed to issue these cards. Information 
on the card was revised and updated annually. Details of this 
endeavor were published in 1990 [1]. With the advent of com-
puterization later on, information on the card was computer-
ized and a printed copy was given to the patient.

Reactions to the implementation of this card were mixed. 
Patients and their families loved it. The patients were very 
compliant in carrying it as faithfully as they carry their medical 
cards. Some providers liked it very much because it facilitated 
having a concise history about the patients. Others denounced 
it as a gimmick that would allow patients to abuse the system.

Pharmacology of Opioids

While this controversy was brewing, interesting developments 
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in basic science were in progress to understand the pharmaco-
dynamics and pharmacokinetics of opioids. Foremost among 
these was the mechanism of action of opioids in relieving pain. 
In the 1970s, it was hypothesized that opioids have receptors 
to bind to and activate in order to relieve pain [2] by blocking 
or minimizing the transmission of painful stimuli and raising 
the pain threshold. It did not take long after that to identify 
opioids as ligands that bind to stereospecific and saturable re-
ceptors in the central nervous system and other tissues [3, 4]. 
These receptors are transmembranous G proteins with opioids 
as ligands [5].

In addition, recent elegant studies [6-10] have revealed a 
helical structure of the opioid receptors, which forms pockets 
in which the corresponding opioid (ligand) fits snugly (Fig. 2a, 
b). Receptors mediate two major functions, chemical recog-
nition and physiologic action. Recognition is highly specific, 

such that only L-isomers of certain opioids exert analgesic 
activity [11]. The binding affinity varies considerably among 
opioids [12]. Fentanyl, for example, has higher binding affinity 
than morphine [11]. The binding affinities of opioids appear to 
correlate with their analgesic potencies [13]. Physiologically, 
by binding to receptors, opioids initiate a series of biochemi-
cal events including activation of G proteins, inhibition of 
adenylate cyclase, and extrusion of potassium ions, resulting 
in hyperpolarization of cell membranes [14-16]; this delays 
or prevents transmission of painful stimuli. Thus, the riddle 
why some patients respond to one opioid but not another had a 
pathophysiologic explanation [17].

Parallel to the progress in the pharmacodynamics of opi-
oids mentioned above, a concomitant advance in the phar-
macokinetics of opioids was bubbling to the surface. The 
metabolism of opioids includes two major phases [18, 19]. 

Figure 2. Helical structure of opioid receptors. (a) Morphine-like molecule (yellow) in the deep pocket (blue) of the μ-opioid recep-
tor. (b) μ-Opioid receptors from an intimate pair when crystallized with a ligand (yellow) such as morphine. Knowing how an opioid 
molecule (yellow) sticks in the pocket of its receptor (blue) could help scientists design better analgesics that are more effective 
and less addictive. Credit: Kobilka Lab, Nature. 2012;485:321-6. Used with permission. 

Figure 1. Life expectancy of patients with sickle cell disease from 1900 through 2010. The arrow indicates the infliction point 
where life expectancy of patients with sickle cell disease began to increase. Adapted from National Heart, Lung, and Blood In-
stitute. Sickle cell research for treatment and cure (NIH Publication No. 02-5214). Bethesda, MD: US Department of Health and 
Human Services. 
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Phase I involves the CYP enzymes and phase II metabolism 
conjugates the drug to hydrophilic substances, such as glucu-
ronic acid, sulfate, glycine, or glutathione. Glucuronidation 
is the most important phase II reaction. It is catalyzed by the 
enzyme uridine diphosphate glucuronyltransferase (UGT). 
Morphine, hydromorphone and oxymorphone are metabo-
lized by glucuronidation, whereas the majority of the other 
opioids are metabolized by the cytochrome P450 isoenzyme 
system.

The net effect of an opioid depends on the availability of 
enzyme(s) to convert it into metabolites that could be active 
or inactive. Briefly, the CYP2D6 genotypes are categorized 
into phenotypes based on the activity of the variant enzymes. 
Ultrarapid metabolizers (UMs) have greater than normal activ-
ity due to duplication or triplication, of active alleles [20-23], 
extensive metabolizers (EMs) have normal enzyme activity, 
intermediate metabolizers (IMs) have decreased enzyme activ-
ity, and poor metabolizers (PMs) have absent or little enzyme 
activity. Thus, fentanyl, for example, is normally metabolized 
into inactive metabolites. Patients who are UMs of fentanyl 
would rapidly convert it into inactive metabolites with mini-
mal or absent analgesic effect requiring increasing the dose of 
fentanyl. On the other hand, patients who are PMs of fentanyl 
would experience prompt relief with relatively small doses 
of fentanyl but higher doses could be toxic due to the accu-
mulation of unmetabolized fentanyl [24]. Phase I metabolism 
of opioids involves primarily the CYP3A4 and CYP2D6 en-
zymes. The CYP3A4 enzyme metabolizes more than 50% of 
all drugs; consequently, opioids metabolized by this enzyme 
have a high risk of drug-drug interactions [19].

Conclusion

Together, current data on the pharmacodynamics and phar-
macokinetics of opioids show great variability of genotypes 
among patients and extreme variability in individual responses 
to opioids. Determining the pharmacogenetics profile of each 
patient facilitates the choice of drugs that would be efficacious 
for that patient and avoid those drugs associated with harmful 
drug-drug interaction. This approach in diagnostics and thera-
peutics ushers in the dawn of a new field for the management 
of individual patients based on their unique pharmacogenet-
ics, phenotypic and biomarker characteristics. This future ap-
proach is referred to as personalized medicine or, more recent-
ly, precision medicine [25]. It has already been implemented 
for certain cancer patients receiving chemotherapy. We hope 
that this methodology would be approved and sponsored by 
the insurance companies for patients with SCD. In the mean-
time, listening, believing and respecting the patient with sickle 
cell pain should be maintained for now as the approach to in-
dividualized therapy.
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